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CtTaTba NOcBaAIMeHa MOJICIMPpOBaHHI0 
IIpOCTeHINero BIEMeCHTapHOrO 3BeHa JIOKaJIbHOTO 
IJIEKTPOYIOBUTEIA KalleJIb 9IEKTPOJIUTA, 
BbIOpacbIBAeCMOTO H3 TasiIbBaHH4YeCKOM BaHHbI B 
lmpomecce 


XPOMUPOBaHvA MeCTasWIM4eCKUX 


metanew. Moyenmpopanue c  lmpwMeHeHvemM 
perpeccHOHHOrO aHasIv3a BbIABIIAeT HavWOosee 
CYIIIeCTBeHHbIe = (akTOpbl TeXHOMOrM4YeCKOTO 
Ipolecca, MO3BOJIAeT pa3spaooTaTb IMeKTHBHbIC 
MOJICJIM HaIOBepXHOCTHBIX 3JIEKTPOYJIOBUTEIeH 
KalleJIbHOrO YHOCa HW ONpeeMTb ONTHMAJIbHOe 
COOTHOMeHuHe 


MO2K]TY KOHCTPYKTHBHbIMU 


TapaMeTpaMu HW pOOKUMOM IJICKTPOYaBJIMNBAaHHA. 


Ku0ueBble CJIOBa: adPO30JIb, TasIbBaHu4eckoe 
IIPOM3BOJICTBO, KalleJIbHbIM YHOC, 93JICEKTPOJINT, 
YJIOBUTeJIb, PerpeCCHOHHbIM aHaliu3. 


Bpejenne. | ambBaHuueckoe MpOu3BOICTBO 
OTHOCHTCA K HanOosIee BPeHbIM IIPpOM3BOJICTBAaM 
10 BO3JCHCTBHIO Kak Ha OpraHH3M padoTHuka, 
Tak WM Ha OKpyKarolly¥o cpezy. Karesbupie 
a3pO30JIM, BO3SHUKarollve B IJICEKTPOXHMUYeECKHX 
mpomeccax HaHeceHuA rasIbBaHudecKux 
MOKPbITHH, Kak TpaBusIO, COepxKaT BerIeCcTBA, 
WMerollve BbICOKHe KIacchl OnacHocTyH [ |]. 
Vimeetca [esIbId px] TeEXHM4eCCKUX pellleHHH, 
HalipaBJICHHbIX Ha TOBbIMeHHe Oe3s0lacHOCTu U 
SIKOJOFM4HOCTH TasIbBaHHYeCKOLO MpOU3BOACTBA, 
OHAKO OOJbINMHCTBO MpoOseM B STON OTPAcJIN, B 
yYacTHOCTH, poOsema odOecneueHHA 
Oe30NaCHOCTH BO3YINHOM cpeyibI padouen 30HbI 


B TdaJIbBBaHMW4CCKHX HUCxaxX, HO HacCTOAUIeCro 
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The article considers modelling of the simplest 
elementary link of a local electronic collector of 
drops of electrolyte, ejected from a galvanic 
bath in the process of chrome plating of metal 
parts. Modeling with the use of regression 
analysis reveals the most significant factors of 
the technological process and contributes to the 
development of effective models of above- 
surface electronic collectors of droplet 
entrainment and to determination of the optimal 
ratio between the design parameters and the 


mode of electronic collection. 


Keywords: Aerosol, galvanic production, 


droplet entrainment, electrolyte, collector, 


regression analysis. 

Introduction. Electroplating industry is one 
of the most harmful industries according to the 
impact on the organism of the worker and on 
the environment. Drop aerosols occurring in the 
electrochemical process of plating, as a rule, 
contain substances of high hazard classes [1]. 

There are a number of technical solutions 
aimed at improving the security and 
sustainability of electroplating. However, most 
of the problems in this industry, in particular, 
the problem of ensuring the safety of air 


environment of the working area in 
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BPeMeHH He Oya OFHO3HAYHOTO pellleHHaA. 
Ocooyro OlaCHOCTb 


TaJyIbBaHHAeCCKHe IpPOUeCCChl, B KOTOPBbIX B CHILY 


IIpeCTABJIAFOT 


TeEXHOJIOIM4eCKHX TpeOoBaHHit MMeeTCA 


OTKpbITOe 3epKalo 9eKTpomutTa [2]. K 
HaCTOAIIeMY BDeMeHH O KalleJIbHOM BbIOpOCe B 
TasIbBaHu4ecKOM IIPOH3BOJICTBe HaKOIJIeH 
OOMMpHEI Matepnar [3, 4] uw pa3padoTaHBI 
HOBble Woe3Hbie Moe [5]. Tak, Hampumep, B 
KOHCTpyKUMu [6] JIA MOBbIMMeCHUA 
9MeKTHBHOCTH yJaBJIMBaHHA UCTOIb30BAaIICA 
TepMOJHMDy3HOHHBIN IdeKT, B padote [7] B 
KauyecTBe 


MOMOJIHUTCJIBHOTO CpewCTBa 


yBesIM4YeHHA = 930=@eKTHBHOCTH UCTIOJIb3yeTCA 
akycTukKa, a B paOdote [8] fa onTuMU3allun 
CHCTeMBI ylaBJIMBaHHur rasIbBaHuuecKHx 
axpo3oen MpesaraeTca JOMOJIHUTb e€ CHCTeEMON 
yupaBleHua (oOpMHpoBaHveM  jJIMHaMM4YeCKON 
IICHBI. 

YcTpoucTBa HU CHCTeMbI HaMOBepXHOCTHOTO 
9IEKTPOYyIaBIMBaHHA TasIbBaHuuecKux 
axpo3o0eH, B KOTOPBIX yaBJIMBaHve KallesIbHOrO 
yHoca OCYIIe€CTBIIAeTCA B HelMOcpesCTBeHHOHM 
OJIM30CTH K HOBEPXHOCTH 3epKasla IICKTPOIMTA C 
TOMOMIbIO 3JIEKTPH4YeCKOrO TOA,  ABIIAIOTCA 
HawvOolee MepcieKTHBHbIMH B pellleHHu 9TOM 
mpoOsmempl [6]. 

IlononHeHHve HHMOPMAaLMOHHOLO OOectIeuyeHHA 
110 STOMY BOIIpocy, a Tak 2%*Ke, OOecIIeYeHHe HOBBIX 
KOHCTPYKTUMBHBIX pelleHuH TO MpeosONeHHIO 
OKCIIyaTalMOHHBIX TPYAHOCTeH,  MO3BOJAeT 
JOOUTBCA 3HAYUMTEJIBHOTO ycnexa B IKOJIOFN3allHu 
TasIbBaHHYeCKOLO IIpOU3BOACTBA. 

IlocraHosBKa aKcHepHMeHTa u 
MOJleJIMpOBaHnHe. Moyemupospannue 


9PMeKTHBHOCTH BICKTpOyNaBIMBaIOlMleh AYeMKU 


OblIO  BbINOJHEHO MeTOXOM IWIaHHpoBaHus 
9KcHepuMeHta [9]. 

B pe3yJIbTaTe uccIeqOBaHun Oblia 
pa3pad0oTaHa MeTOMKa W3MepeHuA 


QIIEKTPHYECKOLO B3apaya Kaleb, OOpa3syrOlIMxcA 
IIPH pa3pbiBe OAMHOUHOLO OapOoTarxKHOro y3bipA 
Ha moBepxHoctu oeKTpomuta [10]. Jlannas 
MeTOJIMKa IO3BOJIACT MOJY4UTbh BEUIMYMHY 3apssia 
Kalli B PYHKI[MM OT ee MaMetTpa. 


VUcxoqa U3 NOUYYeHHOK BeIMYMHEI 3apaya 
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~ 
electroplating shops has not received a clear 
solution. Electroplating processes are of 
particular danger as due to technological 
requirements there is an open mirror of the 
electrolyte [2]. Now a lot of information about 
drop ejection in the galvanic plant have been 
accumulated [3, 4] and new useful models have 
been developed [5]. For example, in the 
construction [6] to increase capture efficiency 
the thermodiffusion effect was used, in the 
process of work [7] acoustics is used as an 
means of 
the work [8] for 


optimization of the system for galvanic aerosols 


additional increasing the 


effectiveness, and in 


capture the control system for dynamic foam 
development is proposed as a supplement. 

Devices and systems of above-surface 
electronic capture of galvanic aerosols, in 
which the collection of droplet entrainment is in 
close proximity to the mirror surface of the 
electrolyte using an electric field, are the most 
promising solutions to this problem [6]. 

The completion of information provision on 
this issue, as well as, providing new design 
solutions to Overcome operational constraints, 
makes it possible to achieve considerable 
success in the greening of electroplating. 

Experiment and modeling. Efficiency 
modeling of electro capturing cells was 
performed by the method of experiment 
planning [9]. 

As a result of this research the authors have 
developed a method of measuring the electric 
charge of drops formed by the breakup of a 
single bubble on the surface of the electrolyte 
[10]. 


magnitude of the charge of a drop as a function 


This technique allows obtaining the 
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KalWIM, WOABIACTCH BO3MOKHOCTh paCC4NTaTb 


OCHOBHBIe lapaMeTpbI IIpOcTevwIwMx 
QIIEKTPOYIAaBJIMBarOINMxX CHCTeM, BBbIIIOJIHCHHEIX B 
BHUe WapasIesIbHbIX TJIOCKHX 9JIEKTPOOB C 


YepeTYFOM[eNCA MOJIAPHOCTBIO. 


HanOonee mpocrow MeTox onpeyenenua 
9deKTHBHOCTH JaHHbIX  YyCTpOuMCTB — 
"TpaeKTOpHbIM MeTO",  3aKJIIOUaIOWIMMCA B 


onpeyeueHuu TpaeKTOPUH JIBYXKeCHHA OTJICJIBHOU 
KallIw cC 3a]aHHbIMM pa3MepaMu, Maccon HU 
HavasIbHOH 


CKOPOCTBIO, JIBVDKYIIenca B 


QJIEKTPH4eCKOM T10JIe, CO3TaHHOM MexXK/ly 
TWwIacTHHaMu. 
IIpu0smKaich)—=soiK 


PpeasJIbBHbIM YCJIOBHAM 


TasIbBaHwueCKOM BaHHbl, T.e. YUIHTbIBAA TIpHu 
MOJICJIMpOBaHHu TIpolecca sIeKTpOyaBIMBaHHA 
Haym4uMve OJHOBPCMeHHO HECKOJIbKUX KAalleJIb 
pa3Horo yIMaMetpa, CIeJOBasIO HauTu 
3aBHMCHMOCTb 3apsyja Kalleyib OT HX pa3zMepa. 
Yka3aHHad 3aBMCHMOCTb Oblwia HaliyeHa MyTeM 
cTaTucTHYecKOH OOpadoTKH MaCCHBOB JaHHbIx 
3apaya WU MaMeTpoB Kaleb. B  pe3ysbTaTe 
mouyueHa cTeneHHad (MyHKUMA Bua g=ar’, 
KOTOpad MpWHATa B KayeCTBe OCHOBbI JIA 
cTaTucTuyeckoro MoyemMpoBaHna [11, 12]. 
IlepBoHaualbHO WIA MOeuMpoBaHua Opa 
IIPHHATA TOPU3OHTAIbHad WICKTPOYIaBIMBArOlaAr 
s4uenika. B kayecTBe HCXOZHBIX J@aHHBbIX OBbIIO 
IIpHHATO, 4YTO B IIPOCTpaHCTBO Mexy JBYMA 
BeEPTHKaIbHO paciOIOX%KeCHHbIMM — TIJIOCKHMU 
QIEKTpOaMu TOCTyMaeT MaccCHB JIBYDKYIIMXcA 
TOPH3O0HTAIbHO Kallesib CyYaMHOrO JWMamMetTpa co 
CYYaMHbIMU HAavaJIbHbIMU KOOPAMHaTaMu. 
UcxonHoe 4ucyIO Kaleb 3aaBayIOCcb B 
mpeyenax oT 50 yo 200, HayanbHad CKOpOCTB 
Kaleb IpWHWMaslacb paBHOH ycpeqHeHHOU 
CKOpOCTH BeHTHIAWMOHHOrO TOoTOKa — 0,03 — 
0,15 m/c. HanpsxxeHHOCTb DIeEKTpH4ecKOrO MOJA 
MexK]Y WiacTHHaMH BapbupoBasIM B Ipeyemax 
110 + 5,510 Bm. Jina 


Hallps9xKeHHOCTH TOJIA ObIO TMpeswyCMOTpeHO 


3HAYCHHA 


OrpaHvyeHve HallpsxKeHHOCTBIO Tpood0s cyxoro 
BO3qyxa pu EL = 3-10° B/u. IIpu moyzemmpoBanun 
BeIM4NHA 3apAa Kalu OMmpesesAach UCXO]A 3 
BbILe 3aBMCHMOCTU 


? b 
IIpuBeeHHOU q=ar , 


TOJyYeHHOH pw craTucTHyeckow oOpadoTKe 
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of its diameter. 


Basing on the charge magnitude of a drop, it 
is possible to calculate the main parameters of 
the simplest electro capturing systems, made as 
parallel flat electrodes with alternating polarity. 

The simplest method of effectiveness 
determining of the devices is_ "trajectory 
method", which means the determination of an 
individual drop trajectory with desired size, 
weight and initial velocity, moving in an 
electric field created between the plates. 

Approaching the real conditions of the 
galvanic bath, i.e. taking into account in the 
simulation of the electro capturing process the 
simultaneous presence of a few drops of 
different diameters, it was necessary to find the 
dependence of drops charges on their size. This 
dependence was found by statistical processing 
of the data about charges and diameters of the 
drops. The result is a power function of the 
form g=ar’, which is accepted as the basis for 
the statistical modeling [11, 12]. 

Initially, electro capturing horizontal cell 
was used for modeling. It was accepted that an 
array of horizontally moving drops of random 
diameter with random initial coordinates are 
entering the space between the two vertically 
spaced flat electrodes. 

The initial number of drops was set in the 
range from 50 to 200, the initial velocity of the 
drops was taken equal to the average speed of 
the ventilation flow — 0.03 — 0.15 m/s. The 
electric field intensity between the plates varied 
in the range of 1:10° + 5,5-10° V/m. For electric 
field intensity values the limitation of the 
breakdown field intensity of dry air at E = 3-10° 
V/m was set. At the simulation the magnitude 
of the drop charge was determined from the 
above mentioned dependence g=ar’, obtained 
by statistical processing of the array of 
with high 


experimental data correlation 


coefficient [4]. 
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MaCCHMBa ~ OIIBITHbIX aHHbIX C  BbICOKHM The nature of drops motion was observed on 
KOs@MuuUMeEHTOM KoppesauHH [4]. several trajectories (Fig. 1), which were 

XapaktTep JBWKeHHA Kaleb HadsmOAaIM 10 displayed on the display screen. At the same 
HECKOJIBKUM TpacKTOpuAM (pvc. 1), KOTOPbIC time the graphical dependence of the total 


BbIBOJMWIMCh Ha 9KpaH WMciIed. OJHOBpeMeHHO _ : 
‘ pen OnHOBp capture efficiency of drops in function of the 


paccuuTbIBalach UU BBbIBOWMIAaCh Ha 9KpaH 
Trpaduyeckar 3aBHCHMOCTB CyMMapHon 


initial coordinates were calculated and 


displayed on th Fig. 2). 
9PMeKTHBHOCTH yYaBJIMBaHHA Kallesb B PYHKUMU isplayed on the screen (Fig. 2) 


. The total efficiency is determined by the 
HavasIbHOM KOOPMHAThI (puc. 2). 


formula: 
CymMMapHaa 9@MeKTHBHOCTh OMpeyesaacb 10 


(bopmyyie: N=(™mM0 -IM npox \/ Mo 


where mo 1s the mass of all the drops in the 
array (all the water drops trapped in the electric 
field between the electrodes), Mypox — weight 
of the drops which did not fall on _ the 


N=(™Mo0-Mnupox)/Mo 
rye Mo — Macca BCeXx KalleJIb MaccuBa (BCex 
KalleJIb, HOMABIMIMX B IICKTPH4eCKoOe MOI MEK 














QJIEKTPOaMH), Mnpox — Macca KalleJIb, He 
HOWaBWIUX Ha 3ICKTPOBI. electrodes. 
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Fig. I. View of the electrolyte drops trajectories 
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Puc. 2. Ppaduk cymMMapHoi 9)eKTHBHOCTH y1aBJIMBaHHA Kallesib 


Kak (PYHKILMU OT KOOP MHATHI 


Fig. 2. Graph of an overall efficiency of drops capture as a coordinate function 


Ocu aOciuncc Ha rpadukax TpaeKTopui WosetTa 
Kaleb UW 9%9P@eKTHBHOCTH yilaBIMBaHuaA Ha 


pucyHkax | wu 2 cCOBMeIIeHbI WIA Oosee 
Hara {HOU JEMOHCTpalluun XapakTepa 
yiaBJIMBaHHaA B  YTOPH30HTaIbHOM sAYeMKe. 


Hatrpumep, Kak BHJJHO U3 pUCyHKoB | u 2, TaM, 
rye TpaeKTOpHu KacaroTcd mpaBow TpaHuiisl 
9NeKTpoya, XPMeKTHBHOCTh JOCTHTaeT 3HaYeHHA 
0,8. 

Tpadbuku crpousmcb O7MH Hay ApyrumM c 
OJMHAKOBLIM MacllTaOoM HO ocH aOclivcc, 4TO 
MO3BOJIAJIO COBMeIaTb XapakTep yJaBJIMBaHHA, 
BHAMMBbIN U3 TpaeKTOPpHH, C COOTBETCTBYIOIIMM 
XapaKTepoM W3MeHeHHA 3ddeKTHBHOCTH 
yaBJIMBaHHA Kaliesib. 

Ha oOcHOBaHMH TMOJTYYeCHHbIX JIaHHbIX ObIIa 
cocTaBlieHa TaOJIMIla WCXOJHbIX JjaHHbIX JIA 
MHOrOMaKTOpHOrO 9KCIepHMeHtTa (Taods.1), B 
KOTOPYFO 
3HayeHua 3(deKTHBHOCTH HW KOOPAMHATHI TIpU 


BKJIFOUCHBI COOTBCTCTBYFOHMIHE 


3aJJAHHbIX HATAJIBHBIX YCJIOBVAX. 
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The x-axis in the graphs of drops trajectories 
and the efficiency of capturing in figures 1 and 2 
are combined to show the nature of capturing in a 
horizontal cell. For example, as it can be seen 
from figures | and 2, where the trajectories touch 
the right edge of the electrode, the efficiency 
reaches a value of 0.8. 

Graphics were built one above the other with 
the same scale on the x-axis, which allowed 
combining the nature of capturing visible from 
the trajectories, with the corresponding changes 
of the drops capture efficiency. 

On the basis of the obtained data the source 
data table for a multi-factor experiment was built 
(table.1), which includes the corresponding 
values of the efficiency and the coordinates with 


given initial conditions. 
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Taomuua | 
Table 1 
UcxoyHble JaHHble MHOrodakTOPHOrLO 3KCIepHMeHTa 
Multi-factor experiment source data 


he ue 0,15 


E, — M 


a 


Vo, M/C 0,22 
m/s 
E, KB/M 
kV/m my 


Vo, M/C 0,19 
m/s 
E, B/m 
kV/m = 


3mecb Vo, (M/c) — CKOpOocTb Kaleb B Here Vo (m/s) is the drops’ speed in the 
HalipaBsieHun ocu x; E, (KB/M) — Halips»KeHHOCTB direction of the x-axis; E (kV/m) - electric field 
QIEKTPHYECKOTO MOJIA BOJIb OCH ¥. intensity along the y-axis. 

C welbro onpeyzeneHua KOIMMHIMeHTOB To determine the coefficients of regression of 
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perpeccHOHHON 3aBUCUMOCTH Bua: the form: 
Q= Bot B,:-Vo+b2-E+B63:X+B4:Vo-E+ Q= Bot B,:-Vo+b2:-E+B63:X+B4:Vo-E+ 
Bs-Vo:-X+Bo:E-X+B7-Vo-E-X Bs-Vo:X+Bo:E-X+B7-Vo-E-X 
BbIIOJIH€H perpeccnoHHbIi aHasin3, we performed regression analysis, 
Pe3YIbTAaTbI KOTOPOLO NpuBeeHbI B TaOsMIe 2 the results of which are shown in table 2 
Taodmuia 2 
Table 2 


Pe3ybTaTbI perpeCCHOHHOLO aHasin3a 3aBHUCUMOCTH HN=f(V0,E,X) 
The results of the regression analysis of the dependence of n=f(V 0, E,X) 


Kosdduunex- BsIBOX O 
Kosddunnex- TBI JA PacyeTHbIM | 3HadMMO- 
TbI POPMYLJIbI (DOpMYJIBI KpuTepun CTH 
perpeccuu KOXMpOBaHHbI | CTbroyjeHTa™ The 
Regression X (aKTOPOB Student conclusion 
formula Coded factors design on the 
coefficients formula criterion* importanc 
coefficients 


e€ 
0,301 1,632 Het -19,46 JIucnepcus 

No HaOFOeHuH 

Observation 
dispersion 


®) _ oy) — 179,21 5 =0.066 
ne 


Bade 124 Baal JIucnepcua 
ayJjeKBaTHOCTU 
Performance 
ae 


Kood@duiventsl 
Ta POPMYJIbI 
UCTMHHbIX 


AJIeKBaTHOCTb 
Moen 
Adequacy of 
model 


(paKTOPOB 
Coefficients for 
the formula of 
the true factors 











0, -_ 524 — | Sad =0,0023 ~0,0023 
2 es 
-4 Rill 41 a J\a all 33 PacueTHbIi 
- KpuTepuu 
Outlepa 
Fisher design 
criterion 
| 861 = | vs 4705 il | 29,64 


a es 
Mell 123 7 Mail J\a a 8] etal 
Yes KpuTepuu 
Mutlepa 
Fisher table 
criterion 
a ae a ee 
Yes 


*TaONM4HbIN KpuTepui Crproyenta ft (0,95) =1,95 
* Student design criterion t (0,95) =1,95 
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Puc. 3. UnsrocTpaiua ayeKBaTHOCTH JJAHHBIX, MOJIYACHHBIX C MOMOMIbIO perpecCHOHHOM MOE 


(JIMHMM) MW SKCIIEPHMCHTAJIBHBIM IYTeM (KpecTHKH) 


Fig. 3. Illustration of the adequacy of the obtained data using a regression model (lines) 


and by the experiment (crosses) 


BbIBOJbI 10 pesyIbTaTaM perpeccHOHHOro 
aHaJIn3a: 
1. V3 Bcex BO3MO%KHBIX KOSMMHIMeHTOB 


IIpHBeJJeHHOU (DOpMYJIbI OOJIbILIMHCTBO 
KOIPMHUMEHTOB = OKa3aIMCb CTaTHCTHYeCKU 
3HauMMbIMU Cc BeCPOATHOCTBIO 0,95; 
He3Ha4uuMbIMU OKa3aJIUCb CBOOOJIHBIM 
koomd@uuneHtT U kKoIMdulueHt daktopa EL — 
Halips2KCHHOCTB. 


2. Ilpamoe BiauaHHe Ha 9deKTHBHOCTh 
YIaBIMBaHHA OKa3bIBalOT 3HAaYMMble (aKTOpbl — 
Vo, X WwW B3aNMOneNMCTBHA E-X U Vo-b-X 


OOpaTtHoe sBiMAHHe Ha  90@eKTHBHOCTb 
yYIaBJIMBaHHA OKa3bIBaloT (akTopbl — Vo-E u 
Vox. 


3. HanOonbmiee BIMAHHE OT ZeHCTBHA 
OTJeIbHOrO (bakTopa uMeeT dakTOp Vo. Cpenu 
B3aMMOJIeEHCTBUM HanOosbiee BJIMAHHE 
OKa3bIBaeT B3aHMOJIeEHMCTBHeE Vo~-X-E. 

4. Mogemb ayeKBaTHO OMMChIBaeT IIpormecc 
yaBJIMBaHHA KalleJIb TOPH3OHTAIbBHOU AYeCHKON, 
TaK KaK paCueTHbIN KpuTepun Dulllepa oKa3asica 
NO4TH B 10 pa3 OobIIe TAOUTMYHOTO. 


buo0smMorpamuyeckuh CNMCOK: 


The findings of the regression analysis: 


1. Of all the possible coefficients of the 
formula most of the coefficients were statistically 
probability of 0.95; 


insignificant turned out to be a free factor and 


significant with a 


factor coefficient & — intensity. 

2. Direct impact on capture efficiency have 
significant factors — Vo, X, and interaction E-X 
and Vo:-E-X. The opposite effect on the capture 
efficiency have factors — Vo-E and Vo-X .. 

3. The greatest impact from the effect of a 
particular factor has factor Vo. Among the 
interactions the interaction Vo:X-E. has most 
significant influence. 

4. The model adequately describes the process 
of drops capturing of the horizontal cell, as Fisher 
design criterion turned out to be almost 10 times 
more than the table one. 
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